Controlled studies and most observational studies published over the last 5 years suggest that the addition of synthetic progestins to estrogen in hormone replacement therapy (HRT), particularly in continuous-combined regimen, increases the breast cancer (BC) risk compared to estrogen alone. By contrast, a recent study suggests that the addition of natural progesterone in cyclic regimens does not affect BC risk. This finding is consistent with in vivo data suggesting that progesterone does not have a detrimental effect on breast tissue. The increased BC risk found with the addition of synthetic progestins to estrogen could be due to the regimen and/or the kind of progestin used. Continuous-combined regimen inhibits the sloughing of mammary epithelium that occurs after progesterone withdrawal in a cyclic regimen. More importantly, the progestins used (medroxyprogesterone acetate and 19-Nortestosterone-derivatives) are endowed with some non-progesterone-like effects, which can potentiate the proliferative action of estrogens. Particularly relevant seem to be the metabolic and hepatocellular effects (decreased insulin sensitivity, increased levels and activity of insulin-like growth factor-I, and decreased levels of SHBG), which contrast the opposite effects induced by oral estrogen.
Introduction
That there is a relation between endogenous sex hormones and breast cancer (BC) is demonstrated by a large mass of epidemiological and clinical evidence: for example the drop in BC incidence after menopause [1] , the reduced risk of BC in ovariectomized women and those with early natural menopause [2] , and the efficacy of antiestrogen drugs in preventing and treating BC [3] . Furthermore, prospective studies published over the last 10 years have shown beyond reasonable doubt that in postmenopausal women, serum levels of endogenous sex hormones (estrogens and androgens) affect the risk of subsequent appearance of BC [4] . In particular, the incidence of BC is two-to-three times greater in women with serum levels of estradiol or testosterone in the higher quartiles or quintiles of the distribution, and this association remains significant after reciprocal adjustment. With regard to sex hormones and BC prior to menopause, it is difficult to investigate any association because of the marked fluctuations in hormone levels that occur during the menstrual cycle. No study has clearly demonstrated a relation between BC risk and estrogen levels in premenopausal women [5] , possibly because they are constantly above the threshold required to stimulate the growth of BC. By contrast, the association between androgen levels and BC is clear also in premenopausal women [6, 7] . Regarding progesterone, a prospective study that controlled for the phase of the menstrual cycle in which blood was sampled, showed an inverse relation between its serum levels in the luteal phase and the successive diagnosis of BC [6] . This finding contrasts with the widely held opinion, sustained by the "estrogen augmented by progesterone" hypothesis [8] , that progesterone produced physiologically during the cycle contributes to the development of BC.
The possibility that the sex hormones administered as hormone replacement therapy (HRT) to menopausal women increase the risk of BC has been intensely debated and widely studied. Two recent randomized controlled studies [9, 10] and most observational studies published over the last 5 years indicate that the administration of estrogens alone does not increase BC risk [11] [12] [13] [14] [15] [16] [17] or does so only modestly [18] [19] [20] . By contrast, randomised controlled [21, 22] and most observational studies indicate that the addition of synthetic progestins to estrogen increases the BC risk much more than estrogen alone. This finding is considered to provide important support to the "estrogen augmented by progesterone" hypothesis [23] [24] [25] . However, a study on a French cohort [26] suggests that when natural progesterone is used instead of synthetic progestins in HRT, the risk of BC is not increased.
The aim of this paper is to review the available data on the influence of progestins and progesterone on the risk of BC, to discuss the discordant findings, and hence provide suggestions for the prescription of HRT in climacteric women.
Progesterone and progestins in hormone replacement therapy

Why progesterone or progestins are included in hormone replacement therapy
In HRT, the progestin is added to the estrogen to protect against the risk of hyperplasia and adenocarcinoma of the endometrium. More than 30 studies have shown that the administration of estrogens alone to non-hysterectomized women considerably increases the risk of endometrial hyperplasia and cancer [23, 27, 28] . Even low doses of unopposed estrogens are associated with increased endometrial cancer risk [29] . Addition of a progestin at adequate dosage reduces that risk [27, 28, 30, 31] .
Regimens of progestin addition to estrogens
Progestins and estrogens can be combined in various regimens (Table 1) . Starting in the middle of the 1960s and continuing for nearly 20 years, particularly in the US, estrogens were the sole active ingredient even for non-hysterectomized women, in order to avoid menstrual-like bleedings [32] . From the second half of the 1980s in the US, and somewhat earlier in Europe, a progestin was added to estrogen in a sequential regimen that mimicked the rise and fall of the hormones in the menstrual cycle [32] . Subsequently the so-called continuouscombined regimen (Table 1 ) was increasingly adopted [25] , first in Europe [33] then in the US [34] . This regimen induces endometrial atrophy, and the consequent amenorrhea [27] is appreciated by women, increasing compliance [35, 36] . 
Progestins used in hormone replacement therapy
The progestins mainly employed in HRT are synthetic compounds endowed with progesterone-like action on the endometrium but somewhat different from natural progesterone. Table 2 lists the principal progestins in use, divided into those structurally related to progesterone and those structurally related to 19-Nortestosterone.
Progestin use in different countries
The progestins used for HRT vary markedly between countries; there is also variation in the type of estrogen used.
In the US, the most commonly used progestin by far is medroxyprogesterone acetate (MPA). Generally, MPA is combined with conjugated equine estrogens (CEE) in formulations for oral administration [19] . Initially MPA was mainly employed in sequential regimen at the dose of 10 mg/day; subsequently the dose was reduced to 5 mg/day [27] . In the 1990s continuous-combined formulations of CEE and MPA came onto the US market, in which MPA is present in each day"s pill, so there is no break in progestin assumption. The dose was originally 5 mg/day but current formulations have reduced this to 2.5 mg/day [27] , added to CEE 0.625 mg/day. A continuous-combined formulation with 2.5 mg/day MPA was employed in the two recent randomized controlled studies [21, 22] . In the UK where estradiol, oral or transdermal, as well as CEE are used, the progestins are mainly 19-Nortestosteronederivatives (norethisterone acetate, norgestrel and levonorgestrel), with only about 20% of treated women using MPA [18] .
In Northern Europe, 19-Nortestosterone-derivatives are mainly used (norethisterone acetate, 1-0.5 mg, or levonorgestrel, 0.25 mg) in general combined with oral estradiol, both in sequential and continuous-combined formulations, while MPA is used by less than 20% of treated women, in sequential formulations [37] [38] [39] .
By contrast, in central and southern Europe 19-Nortestosterone-derivatives are less used, while a range of progesterone-derivatives are used, and these are added to various kind of estrogens. In France, MPA or cyproterone acetate are used mainly with oral estradiol, while dydrogesterone, nomegestrol acetate and promegestone are mainly employed with transdermal estradiol [26] . France is also peculiar for the widespread use of micronized natural progesterone (mainly oral), in association with oral or transdermal estradiol [26] ; the progesterone dose is 200 mg/day in sequential regimen [40] and 100 mg/day in combined, usually cyclic (25 days/month), regimen [41] .
Epidemiological data on hormone replacement therapy and risk of breast cancer
A few controlled trials (Table 3 ) and several observational studies (Table 4 ) published over the past 5 years permit a comparison between the effects of unopposed estrogens and estrogens plus progestins. One must take into account, however, that the study populations are not the same, because unopposed estrogens are usually prescribed to hysterectomized women only [9] . Actually, hysterectomized women are frequently also ovariectomized (up to 40% in the US study populations) and, therefore, at lower BC risk, but several studies did not adjust for ovariectomy in the analysis [13, 15, 18, 20] , which makes comparisons somewhat difficult.
Unopposed estrogens
Two randomized studies (Table 3 ) on the use of unopposed estrogens have been published. The first [10] was a small trial on postmenopausal women (mean age 71 years) with a history of ischemic stroke or TIA and mean follow-up of 2.8 years. The trial suggested that the use of oral estradiol at the dose of 1 mg/day did not increase the risk of BC. The second is the large randomized Women"s Health Initiative (WHI) trial [9] . This trial found that the use of oral unopposed CEE, 0.625 mg/day for a mean of 6.8 years in hysterectomized, mostly overweight, women of age 50-80 years was associated with a reduction by about a quarter in the risk of BC compared to women who did not receive CEE. The reduced risk, expressed as hazard ratio (HR) was almost significant (HR 0.77; 95% confidence interval (CI) 0.59-1.01) [9] . Most US observational studies [11] [12] [13] [14] [15] [16] 20] (Tables 4 and 5 ) also found little if any increase in the risk of BC in relation to unopposed estrogen use, at least for the first several years of treatment. For example, in the large cohort studied by Schairer et al. [20] the relative risk (RR) of BC for unopposed estrogens became significant only beyond 12 years of treatment. The mean annual increase in RR was 0.01 in all women (Table 5) , 0.03 in thin women and absent (−0.01) in overweight women. In contrast, an increase in BC risk with assumption of unopposed estrogens has been reported by most studies conducted in Europe [18, 38, 39] . Such heterogeneity might be partly explained by the higher prevalence of obesity in the studies carried out in the US (between 20 and 45%) [9, 13, 16, 19, 21] than in Europe (under 10%) [26, 39] , because the risk due to hormonal treatment, is higher for lean than for overweight women [18, 20] . Postmenopausal overweight women are at higher basal BC risk [42] . 
Estrogens plus progestins
The risks of estrogens plus progestins have been addressed in two randomized studies (Table 3 ). In the HERS trial, CEE 0.625 mg plus MPA 2.5 mg in continuous-combined regimen was investigated in postmenopausal women with coronary disease and average age 67 years, followed for about 6 years. A nonsignificant increase in risk was associated with HRT use compared to non-use (relative hazard 1.27; 95% CI 0.84-1.94) [22] . A similar, this time significant, increase in BC risk (HR 1.24; 95% CI 1.01-1.54), was found in the much larger WHI study [21] among women, age 50-80 years, who were given CEE 0.625 mg/day plus MPA 2.5 mg/day in continuous-combined regimen for a mean of 5.6 years. This arm of the WHI study, therefore, had BC risk findings that were directly opposite to those reported for the unopposed estrogens arm of the study [9] .
In accord with trial results, almost all observational studies published over the last 5 years have also reported an increase in BC risk associated with progestin use in HRT [11, [13] [14] [15] [16] [17] [18] [19] [20] 38, 39, 43, 44, 139] . The reported increase in risk was 2-4 times greater than that associated with the use of unopposed estrogen (Tables 4 and 5 ). Furthermore, although there were exceptions [11, 16, 18, 19] , most studies providing information on the two regimens of progestin addition [14, 15, 17, 38, 39, 139] found that the risk was greater with continuous-combined than sequential regimen (Table 6 ). These findings, which are consistent with the "estrogen augmented by progesterone" hypothesis [23] [24] [25] prompted suggestions that alternative ways of protecting the endometrium -that have no or reduced effects on breast tissue -should be tried, e.g. the use of an intra-uterine device with a progestin or the intravaginal administration of progesterone [23] . The elimination of progestins from HRT preparations was even suggested, since the increased risk of endometrial cancer with unopposed estrogens would be more than counterbalanced by the reduced risk of BC [18] .
It is important to realize that recent findings relating to the use of natural progesterone, in sharp contrast with those referring to the use of progestins, are reassuring. These findings come from two cohort studies carried out in France, where oral micronized progesterone has been used by large numbers of menopausal women since over two decades. The first study was on a cohort of 3175 women followed for a mean of 8.9 years in a menopause clinic. Of these, 55% were classified as HRT users, the majority of whom received exclusively or mostly a combination of a transdermal estradiol plus either progesterone (60%) or progesterone-derived progestins other than MPA. No increase in the BC risk was found in women receiving these treatments [45] . The second, much larger study, based on the E3N-EPIC cohort, included 54,548 postmenopausal teachers who had not taken any HRT before enrolment and who were followed an average of 5.8 ± 2.4 [26] . At our knowledge this is the single prospective study in which women were followed up with periodic questionnaires since the beginning of exposure, thus avoiding the misclassification of treatment duration that may occur in the cohort studies with cross-sectional definition of exposure to HRT at the time of enrolment. Such a study design also avoids the bias of selectively enrolling only the women who have not developed BC after starting HRT, which systematically affects the studies based on the follow-up of women who have already started HRT before enrolment. In this study [26] , oral micronized progesterone, contrarily to synthetic progestins, did not increase BC risk in women treated with transdermal estradiol. The RRs with respect to untreated women were, respectively: 1.2, 95% CI 0.8-1.8, for transdermal estradiol alone; 0.9, CI 0.7-1.2, for transdermal estradiol with micronized progesterone; 1.4, CI 1.2-1.7, for transdermal estradiol with synthetic progestins (Fig. 1) . Fig. 1 . Relative risks associated with use of different hormones by women with incident HRT exposure, compared with non-users: E3N-EPIC study [26] . TD-E2 = transdermal estradiol.
It should be noted that, at commonly employed doses, oral progesterone has peculiar pharmacokinetic properties [46] so that it could have different effects on target tissues than synthetic progestins, as suggested by its action at the endometrial level. Oral progesterone in sequential regimen efficiently protects the endometrium by counteracting the hyperplastic effect of oestrogen [30] . However, this is due more often to an antiproliferative effect [40] , than to the induction of secretory changes like those generally induced by progestins [47] , and also by vaginally administered progesterone [48] and high dose oral progesterone [40, 47] . A similar peculiarity in the activity might be hypothesized also at the level of breast tissue.
Anyway, the E3N-EPIC study [26] , provides evidence against the "estrogen augmented by progesterone hypothesis", by suggesting that the increased BC risk found with the progestin addition is due to mechanisms other than the those exerted by natural progesterone.
Criticism of 'estrogen augmented by progesterone' hypothesis
According to this hypothesis, the increased risk of BC associated with estrogen is augmented substantially by progesterone [8] . The hypothesis is based on some findings from in vitro studies, on the results of in vivo studies on breast cell proliferation, on interpretations of the epidemiological relationship of BC with premenopausal menstrual irregularities and cycle length and, more recently, on the finding that BC incidence and breast density are increased in women who use estrogen plus progestin HRT [23, 24] . However, all these findings are open to different interpretations.
In vitro data bearing on the "estrogen augmented by progesterone" hypothesis
In vitro studies have established that estrogens markedly increase the mitotic rate of both normal and malignant breast epithelium cells; there is also evidence that estradiol and its metabolites are carcinogenetic to human breast epithelium [49, 50] . Conversely, the picture is more complex for progesterone, which may affect mitotic activity of normal and malignant breast cells by various mechanisms [51] [52] [53] [54] [55] and may have proliferative or antiproliferative (antiestrogenic) effects depending on study parameters [24, [56] [57] [58] .
In vivo studies bearing on the "estrogen augmented by progesterone" hypothesis
The main evidence advanced in support of the hypothesis is the finding that the proliferation of breast epithelium increases in luteal phase, reaching a peak 9-10 days after ovulation. This increase in mitotic activity was first noted by morphological evaluation of breast tissue removed during mammoplasty [59] or autopsy [60] and was later found by thymidine index determination, Ki67 labeling, and PCNA labelling of breast tissue obtained during surgery [61] [62] [63] [64] or by fine-needle-aspiration cytology [65] . The increase in proliferation occurs particularly in the terminal duct lobular unit (TDLU) [59, 60, 62] where most breast carcinomas arise [66] . However, it has not been established that the luteal phase cell proliferation peak is due to progesterone. An alternative hypothesis is that it is only estrogens that stimulate the proliferation of breast epithelium, but that there is a lag of 4-5 days between the estrogen peak and the proliferation peak [61, 67] . Actually, breast epithelium does not appear as sensitive an estrogen target organ as the endometrium, probably because estrogens have an indirect effect on proliferation, which requires paracrine factors to mediate their signal [67] . It is noteworthy that studies on intact normal human breast tissue grafted subcutaneously to athymic nude mice found that estrogen, not progesterone, is the major epithelial cell mitogen [67, 68] . Evidence that progesterone may in fact reduce estrogen-induced breast proliferation comes from a study in which gels containing estradiol or progesterone or a combination of both were applied daily to the breasts of postmenopausal women for 14 days prior to surgery not for malignancy [69] .
Importantly, what does emerge from histological studies, is an increase in breast cell apoptosis during luteal phase and a sloughing of the breast epithelium in perimenstrual phase, which are related to the increase in post-ovulation progesterone levels and their decline in the immediate premenstrual phase. The number of apoptotic breast cells starts increasing a few days after ovulation (after the mitosis rate has already started increasing) and reaches a peak just before menstruation, to decline subsequently [59] . As described by Longacre and Bartow [60] the proliferative phase of the breast is characterized by small lobules with few terminal duct structures and uncommon mitoses; the secretory phase is characterized by increases in lobule size and number of terminal duct structures, and also by vacuolization and mitoses in duct basal epithelium; in the perimenstrual phase the breast undergoes lobular contraction with necrosis and sloughing of ductal epithelium. If greater or more prolonged epithelial cell proliferation is associated with greater risk of malignant transformation [23, 24] , then apoptosis and epithelial sloughing that follows are likely to be important protective factors [61] .
Epidemiological data bearing on the "estrogen augmented by progesterone" hypothesis
The following epidemiological findings regarding premenopausal women have been cited in support of the hypothesis: reduced risk of BC in women with oligomenorrhea, in particular those who have had menstrual irregularities for prolonged periods after menarche, probably because of persistent lack of ovulation [70] ; reduced risk of BC in obese premenopausal women, probably in relation with fewer ovulations [71] ; and greater BC risk in women with short menstrual cycles, implying greater cumulative time in luteal phase, since cycle length varies mainly because follicular phase varies [6, 64] . Note, however, that oligomenorrhea implies not only less progesterone but also fewer estradiol peaks and less cumulative estrogenic stimulation; while short cycles are either ovulatory implying greater cumulative exposure to estradiol, or are anovulatory implying reduced exposure to progesterone.
That normal or abundant progesterone production in premenopausal women may be even protective against BC was suggested by the results of a nested case-control analysis of a cohort of premenopausal women which sampled blood in luteal phase [6] (Fig. 2) . Several previous case-control studies have suggested a similar conclusion [72] [73] [74] [75] [76] . Grattarola [77] was the first to propose that chronic anovulation -and hence low exposure to progesterone -was a risk factor, rather than a protective factor, for BC, based on the finding that a high proportion of endometrial biopsies from young BC patients taken during the second half of the cycle, were still in proliferative phase. 
Breast density
The increase in mammographic breast density that occurs with the addition of progestins to estrogens in mainly continuous-combined but also sequential HRT regimens [78] , and which is also observed when progesterone is administered orally [79] , is cited as further evidence that progesterone augments the BC risk [24] . This is because high breast density is a strong independent risk factor for the development of BC [80] . However, the increase in density during hormone therapy is due not only to an increase in lobule volume but also to the intralobular stroma becoming loose and edematous, as also occurs during the luteal phase of the cycle [60] . Moreover, the density increase is quickly reversible at the hormone withdrawal [78] . It is doubtful, therefore, that the transient increase in breast density due to progesterone has the same biological significance as constitutional high density, which has a series of genetic [81] , metabolic [82] , and nutritional [83] as well as hormonal causes, most of which have been acting continuously since the breasts began to form [84] .
Synopsis
We have seen on one hand, that the evidence adduced in favour of the "estrogen augmented by progesterone" hypothesis is open to different interpretations, and on the other that the physiological production of progesterone during the menstrual cycle may be associated with a lower risk of BC. The lack of increase in BC risk with HRT regimens cyclically containing natural progesterone, found by the E3N-EPIC study [26] , is therefore biologically plausible. It is probable that the increase in BC risk found in other studies on HRT use is related to the continuous-combined regimen employed and/or to the fact that synthetic progestins rather than progesterone were used.
Differences between the various hormone replacement therapy regimens
As noted (see also Table 6 ), most observational studies that were able to provide results on both sequential and continuous-combined regimens found that the BC risk was greater with the latter, particularly when HRT use was longterm (Fig. 3) . A comparison of the findings obtained in the different countries is rendered difficult because the estrogens employed also vary. Nevertheless, risk differences between sequential and continuouscombined regimens seemed more marked and consistent in studies conducted in Northern European countries than in those conducted in the US (Table 6, Fig. 3 ). This might partly be due to the fact that in the US, particularly in some states [85] , the sequential regimen could have been privileged in women thought to be, and actually being, at high BC risk, because of widely advertised data suggesting a protective effect of the sequential regimen [86] . More importantly, in Northern Europe the daily dose of 19-Nortestosterone-derived progestins (most often norethisterone acetate, 1 mg) was the same in both continuous-combined and sequential regimens, so that the monthly cumulative dose in the former was twice that of the latter, while in the US the daily MPA dose in combined regimen was much lower (2.5 mg) than that given in sequential regimen (5-10 mg), so that cumulative dose did not differ greatly between them. A Swedish longitudinal study that used needle aspiration cytology to sample breast tissue [87] found a greater than four-fold increase in proliferation compared to baseline after 3 months of treatment with continuouscombined HRT, but no further increase at 6 months. A UK cross-sectional study, which assessed TDLU proliferation in surgical samples, found no differences between unopposed estrogen users, estrogen plus progestin users (some in sequential and some in combined regimen) and non-HRT users [88] . An increase in proliferation in women using combined-continuous HRT was however found by a cross-sectional study in the US on breast biopsies [62] . In this study, continuous-combined regimen was associated with increased TDLU proliferation compared to no HRT and unopposed estrogens, but this proliferation was modest in the early stages of treatment and increased progressively over the years, in contrast with the findings of the Swedish study [87] . The US study [62] also found that, for women on continuous-combined regimen, TDLU morphology was similar to that found in luteal phase premenopausal women [60] .
It is possible that the increase in BC risk with continuous-combined regimens is in part due to the fact that no epithelial sloughing occurs, due to the lack of progestin withdrawal. Note that the absence of any increase in BC risk in association with natural progesterone HRT regimens reported by the French E3N-EPIC study [26] is consistent with this possibility. In France, in fact, natural progesterone is mainly used in cyclic (sequential and combined) regimens [41] .
Non-progesterone activities of progestins
Suggestions that different progestins might be associated with differences in BC risk come from studies conducted in Europe. Again, however, comparisons are difficult because different progestins may be associated with different estrogens and various administration regimens. In two studies only [38, 39] direct comparison of two progestins was possible since both were combined with oral estradiol in sequential regimens: no substantial differences in BC risk between MPA and progestins structurally related to 19-Nortestosterone were found. Furthermore, 19-Nortestosterone-derivatives and MPA in the Million Women Study [18] , and 19-Nortestosterone-and progesterone-derivatives in the E3N-EPIC study [26] did not differ from each other with respect to BC risk. Nevertheless, as noted previously, the E3N-EPIC study did reveal some risk differences: in women treated with transdermal estrogen plus synthetic progestins the risk was significantly higher than when natural progesterone was added to estrogen. Such heterogeneity was statistically significant in the first 4 years of treatment (the follow-up is too short to address the issue of longer term treatment) [26] .
The progestins in predominant use in HRT preparations have activities that do not completely coincide with those of progesterone. In Northern European countries and in UK (Fig. 4) prevails the use of 19-Nortestosterone-derivatives (norethisterone acetate, norgestrel, levonorgestrel) which have androgenic activity [89, 90] , while in the US prevails the use of MPA which also is endowed with androgenic properties, even if to a lesser extent [90, 91] . The increased BC risk found with the use of these progestins might be related to their "nonprogesterone" activities. Before examining these activities it is useful first to examine the metabolic factors that increase BC risk and the effect of exogenous estrogens on these factors. 
Metabolic factors increasing breast cancer risk
A key metabolic alteration that increases BC risk is the resistance to insulin action on carbohydrates (insulin resistance; reduced insulin sensitivity), due to genetic and nutritional factors, with consequent hyperinsulinemia [92, 93] .
Insulin resistance, hyperinsulinemia and high blood glucose are associated with increased risk of BC [94] [95] [96] [97] [98] . Elevated levels of insulin can directly stimulate the proliferation of cancer cells, an action probably mediated by the insulinlike growth factor-I (IGF-I) receptor. High insulin may also have indirect actions, by increasing the liver production of IGF-I, decreasing some IGF-binding proteins and sex hormone binding globulin (SHBG), and stimulating the ovarian production of androgens [99, 100] . A randomized controlled study of dietary intervention in menopausal women showed that an insulin lowering diet can reduce the bioavailability of sex hormones and IGF-I [101, 102] .
Circulating IGF-I derives mainly from the liver [103] . Its production is stimulated by GH and facilitated by an affluent nutritional status, particularly by a high consumption of protein, and by insulin level. IGF-I bioavailability is regulated by IGF binding proteins (IGFBP) also produced in the liver. Levels of IGFBP-1 and IGFBP-2, which decrease IGFI bioavailability correlate inversely with blood insulin levels [104] . IGF-I has potent mitogenic and anti-apoptotic effects on BC cells. The mitogenic effect is synergistic with that of estrogens [105, 106] . In particular estradiol increases the number of IGF-I receptors, and IGF-I is necessary for maximal activation of estrogenic receptors. Furthermore, both estradiol and IGF-I are capable of inducing the expression of the genes necessary for maximal cell proliferation [106] . As recently reviewed [107, 108] , most, but not all [109] , prospective studies indicate that high IGF-I levels in premenopausal women (that is in women still producing estrogens) are a risk factor for later development of BC. Furthermore, one prospective study found a relation between IGF-I levels and BC risk in menopausal women on HRT [109] , while another found a similar relation for overweight menopausal women [97] .
SHBG is also produced by the liver, and its production is inhibited by insulin and IGF-I [92] . Low SHBG levels are a risk factor for BC in postmenopausal women [4, 110] and possibly also in premenopausal women [6] . SHBG specifically binds testosterone and -with lower affinity -estradiol. The principal consequence of low SHBG is that levels of free (bioavailable) testosterone are increased. BC cancer cells and surrounding stromal cells can aromatize androgens into estrogens. High levels of free testosterone have been identified as a risk factor for BC both before [6] and after [111] menopause. SHBG also decreases the bioavailability of the more active estrogens; moreover, through a specific receptor on the membrane of estrogensensitive BC cells, SHBG could have an antiestrogenic, antiproliferative effect [110, 112] .
Overall, these data indicate that metabolic factors play a crucial role in augmenting the effect of estrogen on breast tissue and on BC cells.
Effects of exogenous estrogens on metabolic risk factors for breast cancer
Estrogens, particularly orally administered estrogens, are able to counteract metabolic factors that increase the risk of BC. One way they do this is by increasing insulin sensitivity and hence lowering circulating insulin levels [113] [114] [115] [116] [117] [118] [119] . Oral estrogens, through their hepatocellular actions (accentuated by the first pass effects), also induce a significant reduction in circulating IGF-I and a sharp increase in circulating SHBG [110, 113, 120] . These effects are the opposite of those caused by obesity [121] , a well established risk factor for postmenopausal BC [42, 71] . Estrogens also increase circulating IGFBP-1 levels, again by a direct effect on liver cells, and this may further reduce the activity of circulating IGF-I as reviewed [122] .
Most likely the above mentioned metabolic consequences of oral estrogens are more important in women with high metabolic risk, namely obese women. This would explain why BC risk decreased in the CEEs arm of the WHI study [9] ; most women treated in this study, in fact, were overweight. Such protective effect may not be present in thin women. Actually a re-analysis of 51 epidemiological studies published in 1997 [123] showed a greater BC risk increase for thin than overweight women under HRT. Later cohort studies had a similar finding [18, 20] . A further reason why oral CEEs are associated with lower BC risk could be that some components of CEE mixture, the 17 α-hydroxy-derivatives of equilin and equilenin, have a nonestrogenic or even an antiestrogenic effect on breast tissue, as suggested by some experimental findings [124] .
Differences between progestins and progesterone
The progestins used in the countries where most epidemiological studies have been performed (Fig. 4 ) differ from progesterone because they could have direct effects on normal and malignant breast cells (described in Sections 6.3.1 and 6.3.2), and particularly because of indirect effects (metabolic and hepatocellular) which could stimulate BC cells in synergy with estrogens and increase estrogen bioavailability (described in Sections 6.3.3 and 6.3.4).
Estrogenic effects of progestins
In vitro studies have shown that progestins derived from 19-Nortestosterone exert an estrogen-like proliferative effect on BC cell lines [125, 126] . The effect is probably mediated by reduced 5α metabolites, which interact with α and β estrogen receptors [127] . One might also conceive, however, that progestins with androgenic activity stimulate BC cell proliferation via interaction with androgen receptors.
Effects of progestins on cancer cell enzymes
Estrogen-sensitive cancer cells express the enzymes that enable them to produce estradiol from circulating androgens, estrone, and estrone sulfate [128, 129] . Among the most important of these enzymes are aromatase, estrone sulfatase and 17 β-hydroxysteroid dehydrogenases (17 β-HSD) [130] . In vitro studies indicate that progestins can inhibit the activity of estrone sulfatase and influence the activities of 17β-HSD, so decreasing the formation of estradiol [130] . However, in some experimental conditions (but not in others) MPA seems to differ from progesterone and other progestins in being able to promote the reductive transformation of estrone into estradiol via 17β-HSD [56, 130] . Such an effect might be important in women with high circulating levels of estrone, as occurs when oral estrogen-containing HRT is employed [56] .
Metabolic effects and hepatocellular actions of progestins
Depending on their degree of androgenicity (Table 7) , androgenic progestins reduce insulin sensitivity, opposing the action of estrogens [114] [115] [116] 119, [131] [132] [133] .
The hepatocellular effects of androgenic progestins may also be described as opposite to those of estrogens. In general the strength of such effects is proportional to progestin androgenicity (Table 7) and is particularly marked when progestins are taken orally, thanks to the first pass effect through the liver. Some of these effects, e.g. the increase in circulating IGF-I activity and reduction in circulating SHBG, might increase the BC risk [120] . (a) Increased IGF-I concentration and activity. When taken orally, androgenic progestins (e.g. norethisterone acetate and to a lesser extent MPA) provoke an increase in circulating IGF-I opposing the action of estrogens [134] [135] [136] . The increase is particularly marked when basal IGF-I levels are low [122] . These progestins also oppose the increase in IGFBP-1 caused by oral estrogens, and this effect probably contributes to the increase in IGF-I activity reviewed in [122] . By contrast, progestins with progesterone-like activity, like dydrogesterone, have essentially no hepatocellular effect and do not affect circulating IGF-I levels [122, 134] . Androgenic progestins might therefore increase the risk of BC by increasing IGF-I levels [120, 134, 137] . (b) Reduced SHBG levels. Androgenic progestins, and to a much lesser extent MPA, also oppose the estrogeninduced increase in SHBG secretion by the liver [110, 134, 136, 138] . Once again this effect is not exerted by the progesterone-like progestins [120, 134, 136] .
SHBG binding
Thirty-five-to-forty percent of 19-Nortestosteronederived progestins circulate bound to SHBG [89] . This phenomenon, in combination with the progestin-induced reduction of SHBG production, results in increased levels of free androgens and estrogens. As the SHBG increase caused by oral estrogens is potentially protective [110] , it is plausible that the reduction of SHBG levels and binding capacity caused by 19-Nortestosteronederived progestins may increase the risk of BC [120, 134] .
Conclusion
The balance of the in vivo evidence is that progesterone does not have a cancer-promoting effect on breast tissue. This provides a biological rationale for the finding that oral micronized progesterone added to estrogens in sequential or cyclic-combined regimens does not increase the risk of BC [26] . The greater BC risk persistently related to the use of HRT preparations containing estrogen and synthetic progestins seems in all likelihood due to the regimen and/or to the kind of progestin used. The "non-physiological" continuouscombined regimen, could increase the risk because it does not allow sloughing of lobular duct epithelium (such as occurs when progesterone declines at the end of the normal menstrual cycle). More importantly, many of the progestins used have several non-progesterone like actions that potentiate the proliferative effect of estrogens on breast tissue and estrogensensitive cancer cells. We therefore suggest that when HRT is indicated, preparations containing progesterone and not a synthetic progestin should be used, according to a sequential or cycliccombined regimen. In this way the risk of endometrial cancer is minimized without increasing the risk of BC.
